The quality and safety of reverse osmosis (RO)-treated secondary wastewater (WW), for indirect potable re-use, was assessed using a dataset of 375 chemicals measured in RO-treated WW. A screening health risk assessment indicated that four N-nitrosamines were of potential concern, although median concentrations of these chemicals were always below health values. The most frequently detected chemicals in RO-treated water were disinfection by-products, volatile organic compounds, metals and complexing agents, in contrast to many monitoring programmes that focus on pharmaceuticals, personal care products and hormones. Frequent detections in RO-treated WW were most related to high concentrations in secondary WW, relative to limit of reporting, and the potential for chemicals to form or be added during the treatment process, rather than poor rejection by RO membranes. Between 3.7 and 10.7 μg/L of dissolved organic carbon (DOC) in RO permeate could be attributed from chemicals detected on at least one occasion, with the majority of this total attributed to chemicals detected in less than 25% of samples. While chemicals below detection may contribute a significant component of DOC, it is likely that natural organic matter and soluble microbial products still contribute the majority of DOC to RO permeate. A high degree of safety is demonstrated for the use of RO-treated WW as an indirect source of potable water.
INTRODUCTION
Residual dissolved organic carbon (DOC) remains in RO-treated WW, which may comprise of natural organic matter, soluble microbial products and trace concentration of anthropogenic chemicals (Shon et al. ) . The bulk characteristics of DOC in RO permeate have been investigated using ion exchange (Fujita et al. ; Drewes et al. ) , size exclusion chromatography with organic carbon and nitrogen detection (Henderson et al. ) and fluorescence excitation emission spectroscopy (Singh et al. ) . These studies have shown that DOC in RO permeates do not normally contain organic material of molecular weight (MW) greater than 500 Da (Drewes et al. ) , and that, based on Amberlite XAD™ resin fractionation, up to 50% of DOC is hydrophilic (Fujita et al. ) . MW fractions <350 Da form the major components of RO DOC (Henderson et al. ) , with low MW acids and neutrals contribution a significant component (Drewes et al. ) . In some studies no humic acids have been detected in RO permeate (Fujita et al. ) , although humic acids may penetrate RO membranes when treating RO concentrates with high DOC concentrations (Henderson et al. ) . Ratios of H:C and N:C are also typically higher in RO permeate than found in natural drinking waters (Fujita et al. ) , also suggesting that RO DOC is non-humic. In the context of DOC characterisation, many anthropogenic chemicals are classed as low MW neutral or acidic compounds. However, to date there has been no attempt to assess the contribution of anthropogenic chemicals to the DOC in RO. 
METHODOLOGY Chemical selection, monitoring and analysis
A total of 375 chemicals of potential health concern, in 13 different classes, were monitored (see Table 1 for a summary, and Supplementary Information Tables S1-S15 for detailed information -available online at http://www. iwaponline.com/aqua/061/047.pdf). Chemical selection was based on volume of use in Western Australia, level of toxicological concern, environmental persistence, existence of drinking water guidelines, and prior detection in WW as reported in the scientific literature (Rodriguez et al. a, b) . Chemicals for which analytical methods were not available in Australia were prioritised based on health risk, and chemicals with low health toxicity or less likely to be present in concentrations of health concern were excluded. Chemicals for which analytical method development would be difficult or not feasible during the timeframe of the project were also excluded. Twenty-four-hour composite samples were collected using an automated and refrigerated ISCO 4700 sampler, except for unstable or volatile analytes, which were collected as grab samples. Sampling procedures aimed to optimise analyte preservation until analysis, and appropriate preservation agents were added to sample bottles prior to sample collection, or prior to sub-sample collection in the case of composite samples. Field and trip blanks were collected on each day of sampling, and replicate samples comprised 12% of all secondary WW samples and 8% of all RO permeate samples. A quality assurance program was implemented to ensure data quality. Analytical methods that were not accredited by the National Association of Testing Authorities, Australia (NATA) were scrutinised through appropriate peer review, and inter-laboratory testing was used in method validation where possible. In addition to concentration data, each laboratory calculated method uncertainty, limits of reporting, precision, and bias or accuracy for each method.
Data analysis
Over 20,000 analyses were conducted, not including field All results were assessed against benchmark (non-effect)
human health values, which were defined using the approach described by Rodriguez et al. (b) . Chemicals were assigned to one of three categories: (1) 
RESULTS AND DISCUSSION

Occurrence of chemicals in RO permeate
Of the 375 chemicals analysed, 108 (29%) were detected at least once in RO permeate ( 
Screening health risk assessment of RO permeate
The screening health risk assessment for RO permeate and complexing agents were developed using the conservative TTC approach, all assigned a health value of 0.7 μg/L. Nine chemicals that were detected on at least one occasion in RO permeate also reported a RQ > 1, although assessment of these chemicals also indicates there is a low health risk, except from a few selected N-nitrosamines.
Only two detected chemicals had RQ med > 1; the complexing agent DTPA and the DBP dibromochloroacetic acid, which were both detected once only at a concentration lower than the average LOR. Additionally, health values for both chemicals were determined using the TTC approach, as previously discussed. Seven other DBPs (five N-nitrosamines and two haloacetaldehydes) had RQ med < 1, but RQ max > 1, although only N-nitrosodimethylamine (NDMA), N-nitrosodi-n-propylamine (NDPA) and N-nitrosodi-n-bultyldiamine (NDBA) were actually detected on more than one occasion. In the context of indirect potable re-use via groundwater replenishment, it is anticipated that maximum concentrations will be smoothed by groundwater storage over months to years. The only chemical detected in more than 25% of samples with a RQ > 1 is NDMA (Table 2) 
